Assumes the life distribution of a test unit for any stress follows a Rayleigh distribution with scale parameterθ , and that ) (θ Ln is a linear function of the stress level. Maximum likelihood estimators of the parameters under a cumulative exposure model are obtained. The approximate variance estimates obtained from the asymptotic normal distribution of the maximum likelihood estimators are used to construct confidence intervals for the model parameters. A simulation study was conducted to study the performance of the estimators. Simulation results showed that in terms of bias, mean squared error, attainment of the nominal confidence level, symmetry of lower and upper error rates and the expected interval width, the estimators are very accurate and have a high level of precision.
Introduction
The Rayleigh distribution arises in a variety of fields. This distribution is frequently employed by engineers and scientists as a model for data resulting from investigations involving wave propagation, radiation and related inquiries as well as in the analysis of target error data Cohen and Whitten (1988) . Some types of electro vacuum devices age rapidly with time even though they may have no manufacturing defects, the Rayleigh distribution is quite appropriate for modeling the lifetime of such units as it possesses a linearly increasing hazard rate Johnson, Kotz and Balakrishnan (1994) . Other applications and motivations for the Rayleigh distribution can be found in Cohen and Whitten (1988) .
Mohammed Al-Haj Ebrahem is an Associate Professor in the Department of Statistics. Email: m_hassanb@hotmail.com. Abedel-Qader AlMasri is an Instructor in the Department of Statistics. Email: almasri68@yahoo.com Accelerated life tests are used to quickly obtain information on the life distribution of products by testing them at higher than nominal levels of stress to induce early failures. Data are obtained at accelerated conditions and based on a regression type model, results are extrapolated to the design stress to estimate the life distribution; such overstress testing reduces time and cost. One method of applying stress to the test units is a step-stress scheme which allows the stress of a unit to be changed at specified times. Nelson (1980) described this important type of accelerated life test. In step-stress testing, a unit is placed on a test at an initial low stress, if it does not fail in a predetermined time, τ , stress is increased. If there is a single change of stress, the accelerated life test is called a simple step-stress test.
The cumulative exposure model defined by Nelson (1990) for simple step-stress testing with low stress X 1 and high stress X 2 is: Higgins (1996, 1998) to the case of censoring. Khamis and Higgins (1996) obtained the optimum 3-step step-stress using the exponential distribution. Alhadeed and Yang (2005) obtained the optimum design for the lognormal step-stress model. Al-Haj Ebrahem and Al Masri (2007(a) ) obtained the optimum simple step-stress plans for the log-logistic cumulative exposure model, by minimizing the asymptotic variance of the maximum likelihood estimate of a given 100 Pth percentile of the distribution at the design stress.
Al-Haj Ebrahem and Al Masri (2007(b) ) obtained the optimum simple step-stress plans for the log-logistic distribution under time censoring. Xiong (1998) presented the inferences of parameters in the simple stepstress model in accelerated life testing with type two censoring. Xiong and Milliken (2002) studied statistical models in step-stress accelerated life testing when stress change time are random and obtained the marginal life distribution for test units. Nonparametric approaches for step-stress testing have been proposed by Shaked and Singurwalla (1983) and Schmoyer (1991) . For additional details, see Chung and Bai (1998) and Gouno (2001) . This article considers point and interval estimation of Rayleigh cumulative exposure model parameters.
Model and Assumptions
The probability density function and the cumulative distribution function of the Rayleigh distribution are given respectively by: and identically distributed. 5. All n units are initially placed on low stress X 1 and run until time τ when the stress is changed to high stress X 2 . At X 2 testing continues until all remaining units fail.
Verification that the Rayleigh cumulative exposure model for step-stress is given by: 
is not a step-stress exponential cumulative exposure model. For simplicity, let 2 1 τ τ = , so that the cumulative exposure model of T is given by:
and the corresponding probability density function of T is given by: 
The maximum likelihood estimates 0 β and 1 β for the model parameters 0 β and 1 β can be obtained by solving numerically the following two equations:
In order to construct confidence intervals for the model parameters, the asymptotic normality of the maximum likelihood estimates are used. It is known that: Note that an optimal test plan can be determined by minimizing with respect to the change time 1 τ the asymptotic variance at the design stress X 0 . Thus, the numerical search method was used to find the value of Example
The data in Table 1 includes n = (n 1 + n 2 ) = 30 simulated observations from cumulative exposure model (5) The indices of the simulation study were:
• n: total number of units placed on the test, n = 10, 40, 80, 100.
• X 1 : low stress level, X 1 = 0.1, 0.2, 0.3, 0.5. • X 2 : high stress level, X 2 = 0.9, 1.0, 1.2, 1.3, 1.9. β had a small expected width value and the expected width decreases as the sample size increases. In terms of attainment of the coverage probability and the symmetry of lower and upper error rates, the intervals behave very well especially for large value of n. Also, from the results it appears that, for the same value of X 2 , as the value of X 1 increases the values of expected width, bias and mean squared error also increase. Conversely, for the same value of X 1 , as the value of X 2 increases the values of expected width, bias and mean squared error decrease. Thus, the recommendation is to use a small value of X 1 and a large value of X 2 , and the same conclusions can be drawn for the parameter 1 β . 
